Abstract. In order to elucidate interactions between climate change and biogeochemical processes and to provide a tool for comprehensive analysis of sensitivity, uncertainty, and proposed climate change mitigation policies, we have developed a zonally averaged twodimensional model including coupled biogeochemical and climate submodels, as a part of an integrated global system nxxlel. When driven with calculated or estimated trace gas emissions from both anthropogenic and natural sources, it is designed to simulate centennial-scale evolution of many radiatively and chemically imix 
Introduction
Concerns about future climate change involve not only the impact of increases of long-lived trace gases in the atmosphere on the climate (e.g., surface temperature, precipitation, and cloud coverage) but also the influence of climate change on atmospheric chemical processes and the possible effects of products of these processes, such as aerosols, on climate.
The lifetimes of chemical species in the atmosphere are affected by many processes, including atmospheric transport, chemical reactions, wet and dry deposition, exchange with the ocean or vegetation, and emissions from both human-related and natural processes. One needs to include treatment of each of these processes to address accurately the climatic effects of atmospheric chemical species and the influence of climate change on atmospheric chemistry. To address feedbacks between chemistry and climate, it is clear that a coupled numerical model including explicit descriptions of both climate dynamics and atmospheric chemistry is needed.
In recent years, models addressing both climate and chemistry with various levels of coupling between these two . The 2-D LO model is already fully described by Sokolov and Stone [1995; . The focus of this paper is primarily on the chemistry submodel and on the coupling of these two submodels. 
Advection
The advection scheme is fourth-order and positive-definite [Wang and Chang, 1993; Wang and Crutzen, 1995] , and based on a scheme suggested by Bott [1989a Bott [ , b, 1993 . It is used in a time-splitting procedure to calculate advection along each spatial dimension in order. Then a nonoscillating scheme is used to limit the numerical errors induced by possible overestimation of fluxes during the advective c•lculations [Smolarkiewicz and Grabowski, 1990 ]. Finally, a mass adjustment for correcting the error induced by time splitting and non-convergence-free wind fields is used [Kitada, 1987] .
Eddy Diffusion and Convective Transport
The parameterization developed by Stone and Yao [1990] for meridional eddy diffusion of water vapor and temperature in zonally averaged models has been used in this model for all transported chemical species. From Stone and Yao [1990] , the meridlonal component of the eddy flux is parameterized in terms of a horizontal diffusion coefficient Kyy, assuming that the motions related to baroclinic waves are quasi-horizontal:
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The vertical component of the eddy flux is similarly ol•tainecl using the same formula and vertical eddy diffusion coefficient Kzz as proposed by Stone and Yao [1990] for water vapor. To eliminate numerical noise and correct an apparent underestimate of the horizontal eddy fluxes in the tropical regions, we applied a second-order horizontal diffusion term in the model with a constant diffusion coefficient K. of 8 x 105 m2/s, which is significantly smaller than the typical eddy coefficients of 2-4 x 106 m2/s in midlatitudes. Sensitivity runs have shown that without this diffusion term, the model produces gradients of the passive tracer CFC13 defined by the differences between mole fractions in the midlatitudes of the northern and southern hemispheres, which are too high compared with observations. Runs with this added weak diffusion as discussed later provide an excellent fit to this gradient and its evolution in time. 
Coupling of Submodels
The coupling of the chemistry and climate submodels in our system is two-way (i.e., fully interactive or on-line). The We found that simulated tempora• trends and latitudinal gradients in CFCI3 and CF2C12 surface mole fractions agree very well with observations at the five ALE/GAGE/AGAGE stations (Figures 5 and 6) . Because the sources of these two chlorofiuorocarbons are predominately in the northern hemisphere, this agreement demonstrates that the simulation of interhemispheric transport in the model is quite reasonable. 
Tropospheric Ozone and OH
Ozone is one of the key species in tropospheric chemistry. However, owing to its sometimes rapid in situ production and short lifetime in the troposphere, an adequate measurement network for tropospheric ozone requires fairly high spatial and temporal resolution and a carefully designed distribution of stations [Prinn, 1988] . Currently, such a network does not exist globally, but there are some observations available which are useful for partial model testing.
We specifically use the ozone sounding data archived in the In order to investigate interactions between long-term changes in anthropogenic emissions and climate and biogeochemical processes, we have developed a zonally averaged two-dimensional model including coupled biogeochemical and climate submodels. This model is itself a part of the MIT integrated global system model (IGSM) [Prinn, etal., 1997] . This model takes emissions o.f multiple gases from both anthropogenic and natural sources as inputs and predicts transport, photochemical rates, and deposition fluxes in order to simulate evolution of many radiatively and chemically important species in the atmosphere. Predicted concentrations of' chemical species are used in an interactive procedure to calculate radiative forcing in the climate submodel. In the study of the centennial-scale climate change problem, the model has been shown to be a numerically efficient tool while retaining most of the important processes in a self-consistent and comprehensive way.
As shown from the results of a "reference" run designed to be comparable to the IPCC 1992a emission scenario (IS92a) zonal averaging, oceanic dynamics and interaction with the atmosphere, the sulfate aerosol effect on the radiation, stratosphere-troposphere exchange (especially when related to ozone), and the effect of the neglected contributions of nonmethane hydrocarbons (many of them relate to polluted regions) on tropospheric chemistry. To narrow these uncertainties, further work is needed.
